We use China's national household surveys for rural and urban areas to measure and explain the welfare impacts of the changes in goods and factor prices attributed to WTO accession. The price changes are estimated separately, using a general equilibrium model to capture both direct and indirect effects of the initial tariff changes. The welfare impacts are firstorder approximations based on a household model incorporating own-production activities and are calibrated to the household-level data imposing minimum aggregation. We find negligible impacts on inequality and poverty in the aggregate. However, there are diverse impacts emerge across household types and regions associated with heterogeneity in consumption behavior and income sources, with possible implications for compensatory policy responses.
Introduction
There has been much debate about the welfare impacts of greater trade openness. Some argue that external trade liberalizations are beneficial to the poor in developing countries while others have argued that the benefits will be captured more by the non-poor. Expected impacts on relative wages (notably between skilled and unskilled labor) and relative prices (such as between food staples and luxury imports) have figured prominently in assessments of the welfare impacts.
What does the evidence suggest? One might hope to be able to provide a conclusive answer by comparing changes over time in measures of inequality or poverty between countries that are open to external trade and countries that are not. A number of attempts to throw empirical light on the welfare effects of trade liberalization have been made using aggregate cross-country data sets, whereby levels of measured inequality or changes over time in measured inequality and/or poverty are combined with data on trade openness and other control variables. However, there are reasons to be cautious in drawing implications from such studies.
There are concerns about data and econometric specification. Differences in survey design and processing between countries, and over time within countries, can add considerable noise to the measured levels and changes in inequality. It is unclear how much power cross-country data sets have for detecting any underlying effects of greater openness or other covariates. There is also an issue as to whether the volume of trade can be treated as exogenous in these cross-country regressions; it is clearly not a policy variable as such and it may well be highly correlated with other (latent) attributes of country performance independently of trade policy. The attribution of inequality impacts to trade policy reforms per se is clearly problematic.
One way in which the correlations (including lack of correlation) found in these studies can be deceptive is because starting conditions vary a lot between reforming countries.
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For example see Bourguignon and Morisson (1990) , Edwards (1997) , Li et al., (1998) , Lundberg and Squire (1999) , Barro (2000) , Dollar and Kray (2002) and Milanovic (2002) .
Averaging across this diversity in initial conditions can readily hide systematic effects of relevance to policy. For example, countries differ in their initial level of economic development.
It has been argued that greater openness to external trade will have very different effects on inequality depending on the level of economic development -increasing inequality in rich countries and decreasing it in poor ones (Wood, 1994 , makes a qualified argument along these lines.) However, the opposite outcome is possible when economic reforms, including greater openness to external trade, increase demand for relatively skilled labor, which may well be more unequally distributed in poor countries than rich ones. There is some evidence of a negative interaction effect between openness to trade and initial GDP per capita in regressions for inequality across countries (Barro, 2000; Ravallion, 2001; Milanovic, 2002 ).
These problems can be dealt with by introducing suitable nonlinearities (including interaction effects) into the regressions based on compilations of country aggregates. However, the relevant sources of heterogeneity go much further than this. Aggregate inequality or poverty may not change with trade reform even though there are both gainers and losers at all levels of living. In cases in which the survey data have tracked the same families over time, it is quite common to find considerable churning under the surface. 3 One can find that many people have escaped poverty while others have fallen into poverty, even though the overall poverty rate may move rather little. Numerous sources of such diverse impacts can be found in developing country settings. For example, geographic disparities in access to human and physical infrastructure between and within developing countries matter to the prospects for participating in the growth generated by reform, and these disparities tend to be correlated with incomes (in the context of China's lagging poor areas see Jalan and Ravallion, 2002) . In the case of China, the economic geography of poverty and how this interacts with the geographic diversity in the 3 Jalan and Ravallion (1998) report evidence of such churning using panel data for rural China. Baulch and Hoddinott (2000) review evidence for a number of countries.
impacts of policy reforms, is high on the domestic policy agenda. A policy analysis that simply averaged over such differences would miss a great deal of what matters to the debate on policy.
Reforms may well entail sizable redistribution between the poor and the rich, but in opposite directions in different countries or different regions within countries. One should not be surprised to find that there is zero correlation between growth and changes in inequality, or that the average impact of policy reform on inequality is not significantly different from zero. Yet there could well be non-random distributional changes going on under the surface of this average impact calculation. Thus claims made about the distributional impacts of trade reform using cross-country comparisons are of questionable relevance for policy in any specific country. This paper follows a different approach for which the attribution to trade policy changes is unambiguous and the diversity of welfare impacts is not lost. We study the welfare impacts at household level of the relative price changes induced by a specific trade policy reform. The trade reform we study is China's accession in 2001 to the World Trade Organization. This meant a sharp reduction in tariffs, quantitative restrictions and export subsidies, with implications for the domestic structure of prices and wages and hence household welfare.
Past approaches to studying the welfare impacts of specific trade reforms have tended to be either partial equilibrium analyses, in which the welfare impacts of the direct price changes due to tariff changes are measured at household level, and general equilibrium analyses, in which second-round responses are captured in a theoretically consist way but with considerable aggregation across household types. 4 In general terms, the economics involved in both approaches is well known. And both approaches have found numerous applications.
We combine these two approaches. In particular, the price changes induced by the tradepolicy change are simulated from a general equilibrium model, which we then carry to large 4
For an overview of alternative approaches to accessing the welfare impacts of trade-policies see McCulloch et al., (2001). national household surveys for urban and rural areas of China. However, the CGE and household-level analyses are not integrated, which would require (in effect) an extraordinarily high dimensional CGE model in our case (with 85,000 households in the survey). While, we build our micro simulations on economic assumptions that are consistent with the CGE modelnotably that households take prices as given and those prices clear all markets -we do not attempt to assure full consistency between the micro-analysis and the CGE model's predictions.
Nonetheless, our approach respects the richness of detail available from a modern integrated household survey, allowing us to go well beyond the highly aggregative types of analysis one often finds. We not only measure expected impacts across the distribution of initial levels of living, but we also look at how they vary by other characteristics, such as location. We are thus able to provide a reasonably detailed "map" of the predicted welfare impacts by location and socio-economic characteristics.
The following section discusses our approach in general terms. We then describe our data in section 3 and our results in section 4. Section 5 attempts to explain the variance in measured impacts in terms of household characteristics. Our findings are reviewed in section 6.
Measuring the welfare impacts of trade reform
We study a specific trade reform in a single developing country, namely China's accession to the World Trade Organization. Drawing on prior estimates of the impacts of that reform on prices (for both commodities and factors of production), as reported in Ianchovichina and Martin (2002) , we apply standard methods of first-order welfare analysis to measure the gains and losses at household level using large sample surveys for China collected by the National Bureau of Statistics.
The general equilibrium analysis generates a set of price and wage changes; these embody both the direct price effects of the trade-policy change and "second-round" indirect effects on the prices of non-traded goods and on factor returns, including effects operating through the government's budget constraint. The model used by Ianchovichina and Martin (2002) is a model from the Global Trade Analysis Project (GTAP). 5 This is a competitive market-clearing model. The revenue implications of the trade-policy change are reflected in changes in indirect tax rates. A full discussion of the assumptions of the general equilibrium model and the results of its application to China's accession to the WTO can be found in Ianchovichina and Martin (2002) .
Note that since the price changes are based on an explicit model, their attribution to the trade-policy reform is unambiguous. So we do not confront the identification problems common to past attempts to estimate distributional effects of trade-policy reform using cross-country comparisons, as discussed in the introduction.
The specifics of our approach can be outlined as follows. Each household has preferences over consumption and work effort represented by the utility function ) , ( q and i L subject to its budget constraint. Consistently with the general equilibrium model that generated the price and wage changes, we assume that there is no rationing at household level;
for example, involuntary unemployment is ruled out.
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Papers describing the standard GTAP with applications can be found in Hertel (1997) .
For calculating the monetary value of the welfare impact of price and wage changes, we work with the standard indirect utility function of household i as given by: L is the labor input to the own production activities, i f is the household-specific production function (embodying fixed factors) and i z are quantities of commodities used as production inputs.
We take the predicted price and wage impacts from the CGE model as given for the analysis of household-level welfare impacts. In measuring the welfare impacts we are constrained of course by the data, which do not include initial price and wage levels. 6 However, this data limitation does not matter to calculating a first-order approximation to the welfare impact in a neighborhood of the household's optimum. Taking the differentials of equations (1) and (2) and using the envelope property (whereby the welfare impacts in a neighborhood of an optimum can be evaluated by treating the quantity choices as given), the gain to household i
) is given by the money metric of the change in utility:
For food items we can calculate unit values (expenditure divided by quantity) from the survey data, but there is no such option for food inputs to production, non-food commodities consumed or used in production or wages (given that the survey data do not include labor supplies or quantities consumed of nonfood goods including production inputs). as "net revenue" which (to a first-order approximation) gives the welfare impact of an equi-proportionate increase in the price of commodity j.
Equation (3) is the key formula we will use for calculating the welfare impacts at household level. Notice that by applying the calculus in deriving (3) we are implicitly assuming small changes in prices and earnings. Relaxing this requires more information on the structure of the demand and supply system; see for example Ravallion and van de Walle (1991) . This would entail considerable further effort, and the reliability of the results will be questionable given the aforementioned problem of incomplete price and wage data.
For the same reason, we will have little choice but to largely ignore geographic differences in the prices faced, or in the extent to which border price changes are passed on locally. The exception is that we will make a seemingly plausible allowance for urban-rural cost-of-living differences in this setting. and 2001-07. While the primary focus of the discussion will be on the latter period, we will also estimate welfare impacts for the lead-up period.
Setting and data
We will calibrate the welfare impacts to survey data for 1999, two years prior to official WTO accession, and a few years after the likely beginning of the lead-up period. The choice of 1999 was partly made for data reason (notably that this was the most recent year for which we could obtain access to the micro data). However, it is also hoped that by choosing a year near the middle of the lead-up period (rather than a survey at the beginning or end) we might diminish possible biases due to any nonlinearity in the welfare impacts of price and wage changes.
The survey data used in this study are from the 1999 Urban Household Survey (UHS) and the 1999 Rural Household Survey (RHS), both done by China's National Bureau of Statistics (NBS). The RHS sample size is 67,900 households and 16,900 for the UHS. 7 Over the past 15 years, NBS has put a great effort to improve both the RHS and UHS, focusing on sample coverage, questionnaire design, survey methodology and data processing. 8 The number of variables in the surveys has increased dramatically with additional details on income, expenditure, savings, housing, productivity, amongst other things. NBS kindly provided us with 7
The full sample of the UHS in 1999 was about 40,000 households. However, the central office only keeps the individual record data for 16,900 households. Since 2002 the central office keeps all 40,000 households' data. 8 For further discussion in the context of the RHS see Chen and Ravallion (1996) . the micro data for three provinces (Liaoning, Guangdong and Sichuan), which we term the "test provinces." The computer program to implement our estimation method was written for these data, after which the program was run by NBS staff on the entire national data set.
However, a number of problems still remain in the 1999 RHS and UHS. For its sample frame, the RHS relies on its sampled counties from 1985. The UHS excludes the rural migrants, since the base of the UHS sample frame is the legal registration system (Hukou). As in other countries, the RHS gives data on the remittances of migrants workers, but does not provide information about the migrant workers themselves, who (unlike in other countries) are not sampled in the urban survey either. This makes it difficult to measure impacts through labor mobility and rural-urban transfers in this study.
Comparisons between the RHS and UHS also pose problems. For example, income in the RHS includes income in-kind (such as from own-farm production and other household enterprises), but income in the UHS ignores some in-kind components, notably subsidies received from the government.
Sampling weights. According to the population census, the 1999 urban population share is 34 percent. As already noted, we only have part of the urban sample and the sample-based urban population share is 20 percent. For correcting the rural and urban sampling weights, we use the urban population share from the China Statistical Yearbook to replace the survey sample weights in forming the national figures in this study.
Matching between the GTAP model and the surveys. There are 57 sectors in the GTAP model. The China GTAP model used in this study regroups these 57 sectors into 25 categories: rice, wheat, feed grains, vegetables and fruits, oilseeds, sugar, plant fibers, livestock and meat, dairy, processed food, beverages and tobacco, extract, textiles, apparel, light manufactures, petrochemicals, metals, automobiles, electronics, other manufactures, trade and transport, construction, communications, commercial services and other services. China's RHS and UHS have approximately 2000 categories for consumption and production. We have matched the variables from the household surveys into the closest category in GTAP. For example, corn, millet, and potato are placed in category 3 (feed grains); cotton and fiber crop in category 7 (plant based fibers). The Appendix (Table A2) gives more detailed information on how the variables from RHS and UHS are matched with the GTAP sectors.
Definitions of labor and labor earnings. The China GTAP model defines three types of labor: unskilled farm labor, unskilled non-farm labor and skilled non-farm labor.
9 Since the RHS and UHS have different questionnaires, rural and urban labor earnings are treated differently. In the UHS, three variables -sector, occupation or education -were used to determine labor types. The Appendix gives the codes used by the UHS. "Sector" or "occupation alone cannot tell us whether a person should be classified as skilled labor. For example, the financial sector may hire unskilled labor while the services sector may hire skilled labor. (A janitor who works at a bank will be placed in the financial sector even though he is really classified as unskilled labor.) Similarly, a train driver in the occupation category "workers and staff-members in production and transportation" counts as skilled labor. Therefore, we also take account of education. If a worker has received education at the senior high school level or above, he or she is considered skilled labor. Otherwise, he is classified as unskilled labor.
It is more difficult to determine the type of labor income for rural areas since there is no individual income in the RHS. By the International Labor Organization's definitions, "skilled labor" consists of managers and administrators, professionals, and para-professionals, while "unskilled labor" comprises trades-persons, clerks, salespersons and personal service workers, plant and machine operators and drivers, laborers and related workers and farm workers. remuneration from agriculture is considered income from unskilled farm labor; earnings from industry and/or construction, grain processing etc., are considered as income from unskilled nonfarm labor; earnings from the tertiary sector, transportation and trade etc. are considered as income from skilled non-farm labor.
Land and capital. Since China's economic reforms started in 1978, every farmer has land use rights but not the right to sell, although she/he can subcontract the allocated land to another farmer. Therefore, the change of land prices from the GTAP model only affects the value of land rentals paid and received.
We end up with 25 groups of production and consumption activities, plus "land" and "capital" and three types of labor -farm unskilled, non-farm unskilled and skilled labor.
In the urban household survey, own production is zero for all households and every category. For rural areas, the calculation is more complicated. We use category 3 "other grain" as an example. For every household i, relates to the cash expenditures on these items. (We can exclude the impacts on consumption from own production since the gains and losses automatically cancel out for this part of family consumption.)
is the production cost related to category 3. The production cost includes seeds, fertilizer etc., but only seeds count in this category, fertilizer is considered in the category "petrochemical industry".
In four cases, we could not distinguish the cash expenditure for an individual item from the total cash consumption. We then assigned cost to each item proportionally. For example, if millet consumption is 10% of grain consumption, then we assume that the cash expenditure on millet is also 10% of cash expenditure on grain.
In assessing the overall impacts on poverty and inequality, we combine rural and urban households. There is no cost-of-living index between urban and rural areas of China. (The urban and rural CPIs are both indexed to 100 at the base date.) We assume that the urban price level is 15% higher than the rural one. We deliberately set this to a lower level than other developing countries given that subsidies to urban households in China help compensate for higher housing and food costs than found in rural areas.) We then rank all households by their per capita income from the poorest to the richest.
In assessing impacts on inequality and poverty, we use income per person as the welfare indicator; this is what is termed "net income" in the RHS and "disposable income" in the UHS.
Post-reform income is then income plus the estimated gain defined by equation (3). Tables 1a and b give the predicted relative prices and wage changes in China during the two periods, 1995-2001 and 2001-07 (respectively) , as obtained from the China GTAP model of Ianchovichina and Martin (2002) . The tables also give the mean net revenue for each of urban and rural areas, based on the 1999 rural and urban household surveys.
Measured welfare impacts of WTO accession
Based on the relative price changes from the GTAP model and production/consumption shares from the 1999 rural/urban household survey data, equation (3) allows us to compute the net gain for each household. Table 2 We find an overall gain of about 1.5% of mean income. All of this is in the period leading up to actually joining the WTO. We find almost no impact on inequality, either in the period leading up to WTO accession or predicting forward. The aggregate Gini index increased slightly, from 39.3% without WTO accession to 39.5% post-WTO.
We find that the incidence of poverty would have been slightly higher in 1999 if not for the trade policy changes over the lead-up period to WTO accession, while we find a slight Let us now disaggregate these results. We will focus on the results predicting forward from WTO accession. As we have seen there is virtually zero aggregate impact.
We focus on three indicators of impact at the household level: the absolute gain or loss Tables 2a and 2b give the average gain or loss by province for urban and rural areas respectively, and the number of gainers in each case. In Figure 2a ,b and c we plot the results by provinces ranked by mean income per person (Table A4 in Table 1b , we find that the decline in rural income is due to the drop of wholesale prices for most farm products, plus higher prices on education and health care. On the other hand, farmers will benefit from the drop in some consumer prices. They will also benefit from the increase of non-farm labor wages. In urban areas, residents will enjoy lower prices for most farm products and higher wages, but they will also be hit by increases in service fees for education and health care.
Turning to the regional breakdown in Tables 3a,b Notice that these geographic differences in welfare impacts arise entirely from differences in consumption and production behavior. In reality, there are also likely to be differential impacts on local prices, due to transport or other impediments to internal trade. Our approach does not incorporate such differences, and doing so would pose a number of data and analytic problems. This might, however, be a fruitful direction for future work in settings in which one has the necessary data on prices and wage levels by geographic area.
When we rank households by initial income we find a notable difference between urban and rural households, with absolute gains tending to be higher for higher income households in urban areas, but lower for higher income households in rural areas (Figure 3a) . Nationally (combining urban and rural areas with the corrected weights discussed above), we find a hint of a U shaped relationship, though still with the highest absolute gains for the rich.
This flips when we look at the proportionate gains (Figure 3b ). This tends to fall as income rises in urban areas, but rise with income in rural areas and nationally. In the aggregate, one finds a higher proportion of gainers as one moves up the income ladder, which is driven by the rise in number of gainers as income increases within rural areas (Figure 3c ).
Explaining the incidence of gains and losses
The way we have formulated the problem of measuring welfare impacts in section 3 allows utility and profit functions to vary between households at given prices. To try to explain the heterogeneity in measured welfare impacts we can suppose instead that these functions vary with observed household characteristics. The indirect utility function becomes:
Note that we allow the characteristics that influence preferences over consumption ( i x 1 ) to differ from those that influence the outputs from own-production activities ( i x 2 ).
The gain from the price changes induced by trade reform, as given by equation (3), depends on the consumption, labor supply and production choices of the household, which depend in turn on prices and characteristics, i x 1 and i x 2 . For example, households with a higher proportion of children will naturally spend more on food, so if the relative price of food changes then the welfare impacts will be correlated with this aspect of household demographics.
Similarly, there may be differences in tastes associated with stage of the life cycle and education.
There are also likely to be systematic covariates of the composition of income.
Generically, we can now write the gain as:
Notice that equations (4) and (5) imply that the gain from reform is inherently non-separable, in that one cannot write it as a function solely of
, and i π . This is because the gains also depend on production choices.
However, as noted in section 3, we do not observe the household-specific wages and prices. So we must make further assumptions. In explaining the variation across households in the predicted gains from trade reform we assume that: (i) the wage rates are a function of prices and characteristics as ) , , , (
and (ii) differences in prices faced can be adequately captured by a complete set of county-level dummy variables.
Under these assumptions, and linearizing (6) with an additive innovation error term, we can write down the following regression model for the gains: The characteristics we consider include age and age-squared of the household head, education and demographic characteristics and land (interpreted as a fixed factor of production, since it is allocated largely by administrative means in rural China). We also included dummy variables describing some key aspects of the occupation and principle sector of employment, such as whether the household is a registered agricultural household, whether there is wage employment, whether there is state-sector employment and whether there is participation in a Township and Village Enterprise. We recognize that there are endogeneity concerns about these variables, though we think those concerns are minor in this context, especially when weighed against the concerns about omitted variable bias in estimates that exclude these characteristics.
Under the usual assumption that the error term is orthogonal to these regressors we estimate (6) by Ordinary Least Squares. We estimate the model for urban and rural areas separately in each of the three test provinces for the study (Liaoning, Guangdong and Sichuan) for which we have the complete micro data.
The results are given in Table 4a ,b (for rural areas) and 5a,b (urban). (There are some differences in the explanatory variables between urban and rural areas.) We give results for both the absolute gains ( i g ) (Tables 4a,5a ) and the proportionate gains ( Recall that these are averages across the impacts of these characteristics on the consumption and production choices that determine the welfare impact of given price and wage changes. This makes interpretation difficult. We view these regressions as being mainly of descriptive interest, to help isolate covariates of potential relevance in thinking about compensatory policy responses.
Looking first at the results for rural areas, we find that the predicted gain from trade reform tends to be larger for larger households in all three provinces. There is also a U-shaped relationship with age of the household head, such that the gains reach a minimum around 50 years of age (47 in Liaoning, 52 in Guangdong and 55 in Sichuan). The gains are lower for agricultural households, higher for households with more employees and TVE workers, higher for those with more migrant workers, higher for those with less cultivated land (though only significant in Liaoning). The only strong demographic effect is that younger households (with a higher proportion of children under six) tend to be gainers in Liaoning. While we do not give the results for the county dummies (to save space), there were significantly higher than average losses in six counties of Liaoning, seven in Guangdong and six in Sichuan. Table 6 gives the mean losses in these counties for agricultural households.
In urban areas, the gains tend to be higher for smaller households (except in Guangdong).
As in rural areas, there is a U-shaped pattern (except for Liaoning), with lowest gains at 66 years of age in Guangdong and 51 in Sichuan. While there is no pattern in the relationship between education and the welfare gains in rural areas, the gains in urban areas tend to be larger for less well educated households. However, this may be biased by the fact that we had to use education in identifying skilled labor (noting that unskilled non-farm wages are predicted to increase relative to skilled labor; see Table 2 ). There are signs of some sectoral effects, though only significantly so in Liaoning, with higher gains for those in government jobs. There are signs of higher gains amongst those whose employer is the government. Retirees tend to have lower gains than others.
Conclusions
In the aggregate, we find only a small impact on mean household income, inequality and the incidence of poverty. However, there is still a sizable, and at least partly explicable, variance in impacts across household characteristics. Rural families tend to lose; urban households tend to gain. There are larger impacts in some provinces than others, with highest impacts in the North-East region of Heilongjiang, Jilin, Liaoning and Inner Mongolia. This is a region in which rural households are more dependent on feed grain production (for which falling prices are expected from WTO accession) than elsewhere in China.
Within rural or urban areas of a given province we find that the gains from this trade reform vary with observable household characteristics. The most vulnerable households tend to be in rural areas, dependent on agriculture, with relatively fewer workers and have weak economic links to the outside economy though migration. There are also some strong geographic concentrations of adverse impacts. For example, we find that agricultural households in certain counties incur welfare losses of around 3-5% of their incomes.
Naturally, our approach has its limitations. A case in point is that there may well be dynamic gains from greater trade openness that are not being captured by the model used to generate the relative price impacts; for example, trade may well facilitate learning about new technologies and innovation that brings longer-term gains in productivity. These effects may be revealed better by studying time series evidence, combined with cross-country comparisons.
Another limitation is that we have had little choice here but to make linear approximations in a neighborhood of an initial optimum for each household. In other applications of our method, this may be deceptive if the price or wage changes are large, or the household was initially out-of-equilibrium, such as due to rationing (including involuntary unemployment). In principle there are ways of dealing with these problems by estimating complete demand and supply systems allowing for rationing. This may prove a fruitful avenue for future research, though it should be noted that these methods generate their own problems, such as arising from incomplete data on price and wage levels at household level.
While acknowledging these limitations, we believe that the type of approach we offer here can still illuminate the likely short-term distributional impacts of economy-wide reforms, with minimum aggregation. Thus the tools used can offer insights for the sorts of policy responses that might be called for to compensate losers from reform. , x526, x530, x534,x538, x546, x550, x698,x866, x886, x894, x594, x598, x1042, x1074 x632, x646, x649, x528, x529, x656, x658, x680, x538, x53 26 Beverages and tobacco products x922, x938 x660, x662, x682, x533
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